We derive the average mass profile of elliptical galaxies from the ensemble of 161 strong gravitational lens systems selected from several surveys, assuming that the mass profile scales with the stellar mass and effective radius of each lensing galaxy. The total mass profile is well fitted by a power-law ρ(r) ∝ r γ with best-fit slope γ = −2.11 ± 0.05. The decomposition of the total mass profile into stellar and dark matter distributions is difficult due to a fundamental degeneracy between the stellar initial mass function (IMF) and the dark matter fraction f DM . We demonstrate that this IMF-f DM degeneracy can be broken by adding direct stellar mass fraction measurements by quasar microlensing observations. Our best-fit model prefers the Salpeter IMF over the Chabrier IMF, and a smaller central dark matter fraction than that predicted by adiabatic contraction models.
INTRODUCTION
The standard collisionless cold dark matter model predicts that the density profile of dark matter haloes is universal (Navarro, Frenk, & White 1997, hereafter NFW) . In observations, the radial density profile of dark haloes has been tested well in clusters of galaxies using gravitational lensing. The results indicate that the observed radial profiles agree very well with the NFW profile from cluster cores out to virial radii (e.g., Mandelbaum et al. 2006; Johnston et al. 2007; Umetsu et al. 2011; Oguri et al. 2012a; Newman et al. 2013a; Okabe et al. 2013) .
On the other hand, studies of dark matter density profiles for galaxy-scale haloes are more complicated because of the larger effects of central galaxies. While stacked weak lensing has shown that the average radial density profile of galaxy-scale haloes is consistent with the NFW profile (e.g., Hoekstra, Yee, & Gladders 2004; Gavazzi et al. 2007; Mandelbaum, Seljak, & Hirata 2008; Leauthaud et al. 2012) , the inner density profile is significantly steeper than the NFW profile due to the dominant contribution of the baryonic matter near the galaxy centre. For example, the central density profiles of massive elliptical galaxies have ⋆ E-mail: masamune.oguri@ipmu.jp been extensively studied using velocity dispersion measurements (see Binney & Tremaine 2008) and strong gravitational lensing (see Treu 2010) , which indicates that the total mass profiles of elliptical galaxies are nearly isothermal with the radial density profile ρ(r) ∝ r −2 .
The stellar kinematics provide a powerful means of studying the mass profile of the core of galaxies. In particular, recent systematic observations with integral field spectroscopy, such as SAURON (Bacon et al. 2001; Cappellari et al. 2006 Cappellari et al. , 2007 Kuntschner et al. 2010 ) and ATLAS 3D (Cappellari et al. 2011 (Cappellari et al. , 2013a Krajnović et al. 2011) , have revealed detailed internal structures of elliptical galaxies. A complication in the interpretation of the kinematics data, however, is the orbital anisotropy which is degenerate with the mass estimate from stellar kinematics data.
Strong gravitational lensing robustly measures the projected mass enclosed by the Einstein radius, and therefore provides a powerful alternative to measuring the mass distribution in the cores of elliptical galaxies. While strong lensing of single background sources alone does not constrain the radial density profile of individual lensing galaxies very well, the combination of strong lensing and stellar kinematics is powerful in measuring the radial density slope, because these two probes constrain enclosed masses at dif-ferent radii (Treu & Koopmans 2002 , 2004 . The power of this approach has been well demonstrated by the Sloan Lens ACS Survey (SLACS; Bolton et al. 2006 Bolton et al. , 2008a Auger et al. 2009; Koopmans et al. 2009 ), the Sloan WFC Edge-on Latetype Lens Survey (SWELLS; Treu et al. 2011; Dutton et al. 2013) , and the BOSS Emission-Line Lens Survey (BELLS; Brownstein et al. 2012; Bolton et al. 2012) . Again, one of the major systematic uncertainties inherent in this combined analysis is the orbital anisotropy.
In this paper, we constrain the average mass distribution of elliptical galaxies from the statistical analysis of a large sample of strong gravitational lenses. Our approach is essentially similar to the one proposed in Rusin, Kochanek, & Keeton (2003) and Rusin & Kochanek (2005) in which a self-similar model of stellar and dark matter distributions is assumed to describe various strong lens systems with different lens masses and Einstein radii (see also Ferreras, Saha, & Williams 2005; Bolton et al. 2008b; Grillo 2010 Grillo , 2012 . We extend the analysis by using galaxygalaxy strong lenses from SLACS and BELLS as well as strongly lensed quasars, resulting in a sample of 161 strong gravitational lenses in total. This approach relies only on gravitational lensing, and therefore is immune to the orbital anisotropy.
When combining strong lenses with different masses of lensing galaxies, we rescale the masses with stellar mass measurements of individual lensing galaxies. However, the stellar mass estimate is subject to various uncertainties, most notably the uncertainty from the stellar initial mass function (IMF; Salpeter 1955; Kroupa 2001; Chabrier 2003) such that estimated stellar masses depend strongly on the assumed functional form of the IMF. Once this uncertainty is taken into account, stellar and dark matter distributions are highly degenerate. We break this degeneracy using quasar microlensing (see Wambsganss 2006) which directly probes the stellar mass fraction at the positions of quasar images.
This paper is organised as follows. In Section 2 we present our strong lens sample. We conduct a statistical analysis in Section 3, and discuss implications for the adiabatic contraction in Section 4. Finally we summarize our results in Section 5. Throughout this paper we assume a flat universe with matter density ΩM = 0.3, cosmological constant ΩΛ = 0.7, and Hubble constant H0 = 70 km s −1 Mpc −1 .
LENS SAMPLE

Strong Lenses
Here we describe a sample of strong lenses used for our statistical analysis. We use strong lenses discovered in various surveys. Our sample includes both galaxy-galaxy and quasar-galaxy lenses. In all the samples, effective radii are measured using the de Vaucouleurs profile. We use the SLACS galaxy-galaxy strong lens sample from Auger et al. (2009) , in which multi-band Hubble Space Telescope (HST) imaging results of the full SLACS lens sample were presented. Among the 85 grade "A" systems presented in Auger et al. (2009) , we select a subsample of 70 lens systems based on the availability of multi-band images for the stellar mass estimate (see below) and the Einstein radius measurement. Most of the lenses were observed in the V -and I-bands, and some of them were observed in the B-or H-bands as well. The effective radius of each lensing galaxy measured in the I-band was also presented. Based on the arguments in Auger et al. (2009) , we assume conservative 5% errors on the effective radii. The Einstein radii are derived from mass modelling assuming the Singular Isothermal Ellipsoid (SIE) model (Bolton et al. 2008a ).
In addition, we include a galaxy-galaxy strong lens sample from BELLS (Brownstein et al. 2012) . We use all 25 definite lens systems, for which the effective radius measurement from HST I-band imaging data is available. We assign 10% errors to the effective radii (see Brownstein et al. 2012) . The Einstein radius for each lens system was again obtained by fitting the lensed galaxy assuming the SIE model for the mass distribution.
We use a sample of strongly lensed quasars compiled in the CASTLES webpage 1 . Most of the CASTLES quasar lenses were observed in the HST V -, I-, and H-bands. We measure the effective radius (and its error) of each lensing galaxy using the H-band image, or I-band image if the Hband image is not available. We select a subsample of 38 quasar lenses from the CASTLES based on the following criteria. First, both the source and lens redshifts must be measured in order to convert the Einstein radius to the enclosed mass. Second, we exclude complex lens systems such as lensing by multiple galaxies and lensing by a cluster of galaxies. Third, we exclude lensing galaxies with dominant disk components, except for Q2273+0305 which is produced by the massive bulge of a spiral galaxy. Finally we set the condition that the effective radius of the lensing galaxy must be measured with a small uncertainty. We also include COS-MOS5921+0638 (Anguita et al. 2009 ) which is not in our CASTLES quasar lens list but has an HST image for accurate astrometry and galaxy profile measurements. The resulting subsample contains 38 quasar lenses. For each lens system we perform mass modelling using glafic (Oguri 2010) . We assume the SIE model plus external shear, with priors on the ellipticity and position angle of the SIE component from the measured galaxy light profile. We derive the Einstein radius for each lens system from the best-fitting model.
The Sloan Digital Sky Survey Quasar Lens Search (SQLS; Oguri et al. 2006 Oguri et al. , 2008 Oguri et al. , 2012b Inada et al. 2008 Inada et al. , 2010 Inada et al. , 2012 has identified nearly 50 new quasar lens systems from the Sloan Digital Sky Survey (SDSS) data 2 . We are conducting a large programme to observe the new SQLS lens systems (Rusu et al. 2011; C. E. Rusu et al., in preparation) using the Laser Guide Star Adaptive Optics (LGSAO) system at the Subaru telescope (Hayano et al. 2008 (Hayano et al. , 2010 . Among about 20 quasar lens systems we have already observed with the Subaru LGSAO, we select a subsample of 7 quasar lenses based on the same criteria as used for the CAS-TLES sample. The subsample includes SDSSJ0806+2006 which was in fact observed with the Very Large Telescope LGSAO system (Sluse et al. 2008) . Our careful analysis of the Subaru LGSAO images demonstrates that accurate and robust estimates of galaxy morphology parameters such as the effective radius and Sersic index are indeed feasible (C. E. Rusu et al., in preparation) . We derive the measurement error of the effective radius for each lens system by marginalising over PSF uncertainties. Again, the Einstein radius for each lens system is based on mass modelling using glafic (Oguri 2010) assuming the SIE profile.
The CFHTLS Strong Lensing Legacy Survey (SL2S; Cabanac et al. 2007; Ruff et al. 2011; More et al. 2012; Gavazzi et al. 2012 ) constructed a large sample of galaxy-galaxy strong lenses identified from the CanadaFrance-Hawaii Telescope Legacy Survey (CFHTLS). Sonnenfeld et al. (2013a,b) presented HST imaging results and spectroscopic follow-up results for the final sample of the SL2S galaxy-scale strong lenses. Among the 56 strong lens candidates presented in Sonnenfeld et al. (2013a,b) we select a subsample of 21 lens systems based on the availability of HST images for determining galaxy morphology parameters as well as spectroscopic redshifts of both the lens and source. The error on the effective radius is conservatively assumed to be 10%. Sonnenfeld et al. (2013a) also provided the Einstein radii derived assuming the SIE profile.
While the SIE profile is assumed for deriving the Einstein radius, our conclusion is little affected by the assumption. The Einstein radius is essentially an average distance between the lens centre and multiple images, and is insensitive to the radial density profile, particularly if the image configuration is symmetric. The conversion from the Einstein radius to the two-dimensional enclosed mass within the Einstein radius depends only on the lens and source redshifts (see below) and is therefore model independent. For example, Jullo et al. (2007) has demonstrated that the enclosed mass within the Einstein radius is well constrained by strong lensing observations, even if a very wide range of mass models are considered (see also, e.g. Suyu 2012) . As a specific example, we re-model an asymmetric lens LBQS1333+0113 using an elliptical power-law profile with the slope ±0.2 and find that the enclosed mass is affected only by 5%. For more symmetric lenses this bias in mass estimates is smaller. Moreover, the bias is essentially independent of the Einstein radius of the lens system, and therefore its main effect is to shift the normalization of the total mass profile, rather than biasing the radial density slope from the combined statistical analysis. We however note that this effect can potentially be an important source of systematic error when analyzing larger samples of strong lenses, in case different lens samples probing different radii are affected by this bias differently. It is also worth noting that the mass density profile of elliptical galaxies is not exactly a power law (e.g., Chae, Bernardi, & Kravtsov 2013).
Stellar Mass Estimate
We derive the stellar mass of each lensing galaxy by fitting the observed spectral energy distribution (SED) to a stellar population synthesis (SPS) model. Specifically, we use the SPS model of Bruzual & Charlot (2003) . For simplicity, we adopt a single burst model with the metallicity and formation redshift as parameters. We include a Gaussian prior on the metallicity with a mean Z = 0.01 and standard deviation 0.14 dex for the initial stellar mass of 10 11 M⊙. We include the stellar mass dependence of the mean as Z ∝ M 0.15 * . In addition, we include a Gaussian prior on the formation redshift with a mean of 2 and standard deviation of 0.5. The wavelength bands for the SED fitting differ for different lens systems, but we typically use HST V -, I-, and Hband images for the SLACS sample, HST I-band and SDSS griz-band images for the BELLS sample, HST V -, I-, and H-band images for the CASTLES sample, non-AO I-and AO K ′ -band images for the SQLS+AO sample, and HST V -band CFHTLS griz-band images for the SL2S sample. In order to accommodate the model uncertainty, we set a minimum magnitude error of 0.1 for each band. We assume the Salpeter IMF to derive the stellar mass, but in our analysis below we take full account of the IMF uncertainty.
We check the validity of our stellar mass estimate by comparing our result with stellar masses derived in Auger et al. (2009) . They also used he SPS model of Bruzual & Charlot (2003) , but considered a more complex star formation history. We find that our stellar mass estimate is in good agreement with that of Auger et al. (2009) for the same Salpeter IMF case. More quantitatively, differences of log M Sal * between our estimates and those of Auger et al. (2009) have a mean −0.02 and standard deviation 0.03, with no clear dependence of the difference on the stellar mass. Figure 1 shows the stellar mass and lens redshifts for the strong lens sample. The stellar masses are in the relatively narrow range of 10 11 M⊙ M Sal * 10 12 M⊙, and the lens redshifts are broadly distributed up to z l ∼ 1. The list of all the strong lens systems is in Appendix A.
STATISTICAL ANALYSIS
Total Mass Distribution
We constrain the average total mass profile for our strong lens sample assuming that the profile scales with the stellar mass and effective radius of the lensing galaxy. Specif- ically, for each strong lens system we compute the scaled projected mass Mtot(< REin)/M Sal * , where Mtot(< REin) is the total projected mass enclosed by the Einstein radius REin = DA(z l )θEin. We compute Mtot(< REin) from the Einstein radius via Mtot(< REin) = πR 2 Ein Σcr with Σcr being the critical surface mass density. By combining scaled projected mass measurements for different strong lens systems, we can reconstruct the scaled projected mass profile, Mtot(< R)/M Sal * , as a function of the projected radius normalized by the effective radius, R/Re (Rusin, Kochanek, & Keeton 2003; Rusin & Kochanek 2005) .
Given the simplicity of our SPS model, errors on stellar mass estimates from our SPS model fitting are likely to be underestimated. We assume an error of 10% for the stellar mass estimate for the SLACS, CASTLES, and SQLS+AO samples, and a larger error of 20% for the BELLS and SL2S samples given the lack of high-resolution near-infrared images. The assumed model error of the stellar masses for the SLACS sample is comparable to the estimate in Auger et al. (2009) in which more complex SPS model was considered. The measurement error of the effective radius Re is propagated to the error on the total projected mass assuming Mtot(< R) ∝ R, which will be shown to be reasonable in our analysis below. We neglect the error on the Einstein radius because it is usually much smaller compared with errors on the stellar mass and effective radius. Figure 2 shows projected mass measurements for our sample of strong lenses. There is a clear trend that the scaled projected mass is roughly proportional to the projected radius. We fit the trend with a self-similar power-law mass model of the following form:
where γ is the radial slope of the three-dimensional density profile, ρ(r) ∝ r γ . The relation above implicitly assumes spherical symmetry for the lens. The elongation of lens galaxy shapes along the line-of-sight induces an additional error, which averages out when we combine many strong lens systems. Following Rusin, Kochanek, & Keeton (2003) , in what follows we take account of the diversity of individual lens systems, such as the non-sphericity and scatters in radial slopes and dark matter fractions, by uniformly rescaling the estimated errors by a constant factor (σ → f σ with f ∼ 2.9 in our analysis) so that the best-fit model has χ 2 /N dof = 1, where N dof is the number of degrees of freedom. We find the best-fit slope of γ = −2.11 ± 0.05, which is slightly steeper than the singular isothermal profile (γ = −2). Our result is consistent with earlier attempts by Rusin, Kochanek, & Keeton (2003) and Rusin & Kochanek (2005) , and also with the combined lensing and kinematics constraints Auger et al. 2010b; Bolton et al. 2012 ).
The IMF-fDM degeneracy
We now want to decompose the total mass distribution into the stellar and dark matter distributions. However there is a fundamental difficulty in this decomposition, because of the well-known degeneracy between the relative contributions of stellar and dark matter. This can be understood very easily; if we ignore a minimum stellar M/L, all the observed lensing and kinematics data should be explained by dark matter only, without adding any contributions from stellar masses, as long as the assumed dark matter distribution is flexible enough. This indicates that IMF models that predict very small stellar masses cannot be excluded if we allow enough dark matter in galaxy cores to explain lensing and kinematics data, suggesting a fundamental degeneracy between the IMF and the dark matter fraction fDM. Hereafter we refer to it as the IMF-fDM degeneracy.
How can we break the IMF-fDM degeneracy? The traditional approach is to add priors on the dark matter distribution (e.g., Treu et al. 2010; Auger et al. 2010a; Dutton et al. 2011; Cappellari et al. 2012; Sonnenfeld et al. 2012 ) and the population of dark haloes . For instance, the dark matter distribution is often assumed to follow the NFW profile or the NFW profile modified by the so-called adiabatic contraction (Blumenthal et al. 1986; Gnedin et al. 2004; Abadi et al. 2010 ). Sometimes it is also assumed that the contribution of dark matter is negligibly small at the core of galaxies.
Alternatively, the degeneracy is broken if we add an independent constraint on the IMF. Indeed such a constraint is available from the spectral features that are sensitive to dwarf stars (van Dokkum & Conroy 2010; Conroy & van Dokkum 2012; Ferreras et al. 2013; Conroy et al. 2013; Spiniello et al. 2013 ). These analyses indicate that the IMF of massive elliptical galaxies tends to have a Salpeter-like "bottom-heavy" shape and disfavors Chabrier-like IMFs. Recently Barnabè et al. (2013) combined such spectroscopic analysis with gravitational lensing and dynamical data to break the IMF-fDM degeneracy and to constrain the shape of the IMF.
In this paper, we employ a totally different approach to break the IMF-fDM degeneracy. The idea is to add constraints from quasar microlensing which directly measures the fraction of mass in the form of stars (stellar mass fraction) at the positions of lensed quasar images (e.g., Schechter & Wambsganss 2002; Kochanek 2004; Bate, Webster, & Wyithe 2007; Pooley et al. 2009; Mediavilla et al. 2009 ). Simply stated, we can constrain the stellar mass fraction because the effect of microlensing is more pronounced for a higher stellar mass fraction. Thus, quasar microlensing measurements directly constrain fDM at the projected positions of lensed quasar images and hence break the IMF-fDM degeneracy.
Specifically we adopt X-ray microlensing measurements of 12 quasar lenses presented in Pooley et al. (2012) as well as optical microlensing measurements of 3 quasar lenses presented in Bate et al. (2011) . We exclude H1413+117 in the X-ray microlensing sample of Pooley et al. (2012) from our analysis because the effective radius is not measured for this lens system. In our analysis we adopt the probability distributions of the stellar mass fraction obtained for individual lens systems and include them as constraints at radii REin/Re. Here we ignore the effect of different R/Re for different quasar images for a given strong lens system. Xray quasar microlensing has an advantage over optical microlensing in that the size of the X-ray emitting region is much smaller than the Einstein radii of stars (Pooley et al. 2007; Morgan et al. 2008 Morgan et al. , 2012 Chartas et al. 2009 Chartas et al. , 2012 Dai et al. 2010 ) and hence results are insensitive to the assumed source sizes. On the other hand, the optical microlensing results of Bate et al. (2011) involve a proper marginalization over the size of the optical emitting region. We note that the microlensing measurements of the stellar mass fraction are not very sensitive to the slope of the IMF (Wyithe & Turner 2001; Schechter, Wambsganss, & Lewis 2004; Congdon, Keeton, & Osmer 2007) , and therefore we can assume that the microlensing constraints on the stellar mass fraction are independent of the IMF, at least for our range of interest.
Two Components Model
Next we consider a two-component model that consists of stellar and dark matter. The stellar matter component is modelled by the Hernquist profile (Hernquist 1990 ) that resembles the de Vaucouleurs profile when projected along the line-of-sight. Specifically, we model the enclosed projected mass profile of the stellar component as (Keeton 2001) 
with R b = 0.551Re. The parameter α Sal SPS takes account of the uncertainty of the IMF; α Sal SPS = 1 means that the IMF is described by the Salpeter IMF, whereas α Sal SPS ≈ 0.56 corresponds to the Chabrier IMF. On the other hand, we assume a simple power-law mass distribution for the dark matter distribution
The total mass distribution is simply given by the sum of these two components 
Mtot(< R) M
Thus the two-component model has 3 parameters, α Sal SPS , ADM, and γDM.
Figures 3 and 4 show projected constraints in the α Sal SPS -γDM and ADM-γDM planes, respectively. Without the microlensing constraints (see Section 3.2 for details), the constraints are quite degenerate such that models with α Sal SPS ≈ 0 are allowed. Our result indicates that the ). In addition, we find that models without dark matter (ADM = 0) are disfavored at the 5σ level even without the microlensing constraints. The best-fit two component model is shown in Figure 5 .
Mass and Redshift Dependences
There have been several indications from recent lensing and/or kinematics studies Dutton et al. 2011; Dutton, Mendel, & Simard 2012; Cappellari et al. 2012) Spiniello et al. 2013 ) that the IMF is non-universal, i.e., the IMF changes with galaxy velocity dispersions and stellar masses. Some previous studies from combined lensing kinematics analyses have also indicated possible redshift evolution of the slope of the total mass profile (Ruff et al. 2011; Bolton et al. 2012; Sonnenfeld et al. 2013b ).
Here we investigate whether the total mass profile measured from the ensemble of strong lenses depends on the stellar mass or the redshift. We divide our strong lens sample into subsamples of different stellar mass or redshift bins to see how the fitting parameters change with these parameters. Specifically, we consider two stellar mass bins divided at M Sal * = 3 × 10 11 M⊙ and two redshift bins divided at z l = 0.4. For each subsample we repeat the power-law fit to the total mass profile as presented in Section 3.1, and de- rive constraints on the mass normalization A and the radial slope γ in equation (1). Figure 6 shows constraints in the A = Mtot(< Re)/M Sal * -γ plane. We find trends of the best-fit values, such that the higher stellar mass sample prefers steeper radial slope, and the higher redshift sample prefers larger normalization of the total mass profile. One possible interpretation of the dependence on the stellar mass is that the lower stellar mass sample has a larger satellite fraction and therefore effectively shallower radial density slope. The larger mass normalization for the higher redshift sample can be due to either a larger dark matter fraction or a larger stellar mass (i.e., larger α Sal SPS ). The larger dark matter fraction at higher redshift may be explained by star formation in these galaxies or infall of satellite galaxies via dynamical friction. We note however that these trends with the stellar mass and redshift are not very significant, at 2σ level. Improved statistical analysis with a significantly larger sample of strong gravitational lenses is necessary for more detailed studies.
IMPLICATIONS FOR THE ADIABATIC CONTRACTION
Our measurements of the average dark matter distribution at the core of elliptical galaxies enable a direct test of models of the modification of the dark matter density profile due to baryonic physics. The most popular model of such a baryonic effect has been the adiabatic contraction (Blumenthal et al. 1986; Gnedin et al. 2004; Abadi et al. 2010 ) which predicts that the dissipative collapse of baryons leads to a more centrally concentrated dark matter distribution as compared with what we would expect for the case of no baryons. Here we compute the expected dark matter distribution for our sample of strong lenses, as follows. We employ the stellar mass-dark halo relation derived in Leauthaud et al. (2012) in which the relation has been constrained up to z ∼ 1 from lensing and clustering observations. We note that Leauthaud et al. (2012) assumed the Chabrier IMF for computing the stellar mass, and thus M Sal * for our lens sample is first converted to stellar mass with the Chabrier IMF by multiplying by 0.56 before applying the stellar mass-dark halo relation in Leauthaud et al. (2012) to compute the halo mass for each lens system. We adopt the mass-concentration relation of Duffy et al. (2008) to compute the concentration parameter. We add a log-normal scatter of 0.2 dex for the concentration parameter, the baryon mass fraction, and the scale radius. Again we assume the Hernquist model for the baryon mass distribution. We assume that the dark matter distribution is modified from the NFW profile by the adiabatic contraction model of Gnedin et al. (2004) who derived a fitting formula of the adiabatic contraction based on highresolution hydrodynamical simulations. For comparison, we consider a dark matter model of the pure NFW profile without the adiabatic contraction. Figure 7 compares the dark matter fractions at several different radii for the best-fit two component model with the model predictions described above. We find that the adiabatic contraction model of Gnedin et al. (2004) overpredicts the dark matter fraction at R 2Re. The observed dark matter fraction is more consistent with the NFW model without the adiabatic contraction.
Our result is in line with recent studies with lensing and stellar kinematics which prefer moderate or no adiabatic contraction (e.g., Auger et al. 2010a; Dutton et al. 2013; Newman et al. 2013b) , and suggests other physical processes may also play an important role. For instance, dissipationless mergers of stellar clumps can indeed decrease the central dark matter density as compared with the one predicted by adiabatic contraction (e.g., Naab et al. 2007; Lackner & Ostriker 2010) . Dissipationless mergers appear to be consistent with the possible redshift evolution of the dark matter fraction as discussed in Section 3.4. The effect of baryon mass loss induced by feedbacks can also counteract the adiabatic contraction (Ragone-Figueroa, Granato, & Abadi 2012).
SUMMARY
We have studied the average mass distribution of elliptical galaxies with the statistical analysis of 161 strong gravitational lens systems compiled from several surveys. Each strong lens system provides a robust measurement of the enclosed mass within the Einstein radius, and hence assuming that the mass distribution scales with the stellar mass and the effective radius we can reconstruct the total mass distribution. When fitted to a single power-law, the total mass profile is described by ρ(r) ∝ r γ with the best-fit slope of γ = −2.11 ± 0.05. We have argued that the decomposition of the total mass profile into the stellar and dark matter distribution involves a fundamental difficulty due to the IMF-fDM degeneracy, which is very difficult to break if we assume flexible enough dark matter distributions. We have demonstrated that the IMF-fDM degeneracy can be broken by adding quasar microlensing constraints which directly measure the stellar mass fraction at the positions of lensed quasar images. Our best-fit model favors the Salpeter IMF over the Chabrier IMF and the best-fit dark matter density slope of γDM = −1.60
+0.18
−0.13 . The inclusion of dark matter component is required at the 5σ level. We identify possible trends of the total density profile with the stellar mass and redshift. Finally, we have compared the observed dark matter fraction with predicted dark matter fractions with and without adiabatic contraction and found that the model without adiabatic contraction better explains the result.
These results are obtained using gravitational lensing only without relying on the stellar kinematics data. Our results are generally in agreement with results using the stellar kinematics information, in which nearly isotropic velocity dispersion near the galaxy center is assumed. This suggests that the velocity anisotropy is indeed small, although careful combined analysis will be necessary to assess the degree of the velocity anisotropy more quantitatively.
A more comprehensive analysis of dependences of the stellar and dark matter distributions will require a larger sample of galaxy scale strong gravitational lenses, which will be obtained in future wide-field imaging surveys (e.g., Oguri & Marshall 2010) . Large samples of strong lenses are being constructed from bright submillimeter galaxies (Negrello et al. 2010; González-Nuevo et al. 2012; Vieira et al. 2013; Bussmann et al. 2013) , which should significantly advance various statistical analyses of strong gravitational lenses as the one presented in this paper. Measurements of quasar microlensing for more quasar lens systems are also important to map the dark matter content of galaxies accurately and to reduce potential systematic errors associated with the use of a subsample of strong lens systems for quasar microlensing constraints.
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